Purpose: While the nonpalpable testis represents a small portion of all cryptorchid testes, it remains a clinical challenge for pediatric urologists. Controversy exists surrounding the best evaluation and management of this entity. In this review we update what is known about the nonpalpable testis, including the etiology, preoperative evaluation and best surgical management as well as novel techniques and ongoing controversies. Materials and Methods: We searched PubMedÒ and MEDLINEÒ from January 2000 to January 2017 using relevant key terms. Of 367 articles 115 were considered for inclusion based on a priori design. Using a narrative review format, an update on the evaluation and management of the nonpalpable testis including novel concepts and techniques was synthesized.
EVALUATION and management of the nonpalpable testis can be difficult for even the most experienced urologist. We lack the ability to predict preoperatively the presence or absence and location of a nonpalpable testis. The surgery itself can be difficult and the best surgical management remains controversial, which complicates preoperative counseling. This review serves as an update on what is currently known about the evaluation and management of nonpalpable testis, addressing theories about the etiology, reliability of preoperative assessments, debate regarding the best surgical management, recently described novel procedures and ongoing controversies.
MATERIALS AND METHODS
After creating an appropriate a priori design we searched PubMed and MED-LINE from January 2000 to January 2017 using relevant key terms (supplementary Appendix 1, http://jurology.com/). A total of 367 English language meta-analyses, trial designs, original articles, case reports, abstracts and systematic reviews were considered for inclusion. After elimination of 181 nonrelevant or duplicate articles the remaining 186 abstracts were The corresponding author certifies that, when applicable, a statement(s) has been included in the manuscript documenting institutional review board, ethics committee or ethical review board study approval; principles of Helsinki Declaration were followed in lieu of formal ethics committee approval; institutional animal care and use committee approval; all human subjects provided written informed consent with guarantees of confidentiality; IRB approved protocol number; animal approved project number.
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reviewed. Preference was given to systematic reviews focused on a particular subtopic, meta-analyses, trial designs, retrospective reviews with large numbers and long-term followup, and novel research. For articles written by the same author using the same cohort of patients the study with the largest number of patients was included and others were excluded to avoid overlap. Articles were not used if their findings were described in a meta-analysis or systematic review. Of the 115 remaining relevant series 65 could not be included in this report due to space constraints (supplementary Appendix 2, http:// jurology.com/). One older article was included due to novelty and relevance. A narrative review format was used to synthesize an update on the evaluation and management of the NPT as well as novel concepts and techniques (see figure) .
BACKGROUND Epidemiology
Of the 0.8% to 2% of boys who have a persistent undescended testis by age 1 year approximately 20% to 35% have a NPT. 1 NPTs fall into the categories of 1) nonviable (often referred to as a testicular nubbin, scrotal nubbin, scrotal remnant, atrophic testis or vanished testis), 2) extraabdominal and 3) intra-abdominal. The reported incidence of each entity varies greatly since much of the research on this uncommon diagnosis is limited to smaller case series. Most cases (35% to 82%) are nonviable, approximately 3% to 39% are extra-abdominal and 15% to 34.1% are intraabdominal.
2e4
Of the intra-abdominal cases approximately 29% to 44.8% are considered "high," which is poorly defined but is generally implied to be those not amenable to simple laparoscopic orchiopexy. 1, 3 There is a left-sided predominance of 60% to 72.5%.
4e6 Additionally up to a third of patients may have comorbidities such as a cardiac anomaly, genitourinary anomaly or congenital disorder such as Down syndrome, Noonan syndrome or prune belly syndrome. 7, 8 Etiology While extra-abdominal and intra-abdominal testes are considered to be a failure of normal testicular descent, the cause of the nonviable testis is uncertain. The 3 primary theories are an intrauterine vascular event, incomplete development and the effects of endocrinopathy. These theories might not be mutually exclusive of each other.
Nonviable testes have variable findings, such as the presence or absence of a vas deferens and epididymis. This variability may indicate different types of nonviable testes, each with its own etiology. 5 The possibility of an intrauterine vascular event is supported by the similarities between testicular nubbins and postnatally torsed testes in that both have a left-sided predominance and similar pathological findings. 9 Alternatively these testes may have undergone incomplete development. The Sertoli cells may have transiently formed and released m€ ullerian inhibiting substance but then regressed. This concept is supported by the finding of WT-1, a stable marker of Sertoli cells, in the interstitium of nonviable testes as well as Sertoli cells in some nonviable testes. 5 Most nonviable testes do not have germ cells, indicating possible interrupted germ cell migration to the genital ridge.
Because pathological comparisons of the contralateral descended testes in boys with cryptorchidism and monorchidism are different, endocrinopathy is no longer considered a likely cause of the nonviable testis, but is thought to be a cause of cryptorchid testis. 10 
PREOPERATIVE ASSESSMENT AND HORMONE THERAPY
If the presence or absence and location of a testis could be determined preoperatively, it would allow for better counseling of parents, decreased parental anxiety and avoidance of unnecessary surgery. Current methods of assessment include imaging and physical examination. In some instances hormone therapy is used to facilitate testicular descent and avoid surgery.
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Imaging
Imaging that could conclusively diagnose monorchidism could potentially prevent unnecessary surgery, and imaging that could conclusively determine the location of the testis or its remnant could prevent unnecessary laparoscopy. However, ultrasound remains unreliable for these purposes, detecting only 30% of extra-abdominal testicular nubbins and 38% of viable intra-abdominal testes, with an overall sensitivity of 45% and specificity of 78%.
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Ultrasound is able to detect 97% of viable inguinal testes, prompting some to perform ultrasonography in all patients with a nonpalpable testis for operative planning. 12 Laparoscopy could be avoided in the 3% to 39% of cases with viable extra-abdominal testes with this approach. However, this method has not been shown to decrease overall costs.
MRI is more accurate than ultrasound in detecting the position of a nonpalpable testis. Conventional MRI has a sensitivity of 85% and specificity of 87.5% for this purpose. Adding diffusion weighted imaging increases the sensitivity to 89.5% but does not alter specificity. 13 However, MRI cannot definitively diagnose monorchidism and thus does not eliminate the need for surgical exploration. Additionally MRI requires sedation for young patients and is costly. 13, 14 Due to its low sensitivity and risk of secondary malignancy, computerized tomography has no potential use in evaluating NPTs. 13 As such, the AUA and EAU guidelines recommend against all imaging modalities for routine evaluation of the NPT.
14,15
Physical Examination As diagnosis of NPT is based on physical examination alone, there has been great interest in determining if physical examination findings alone can reliably predict intraoperative findings. Monorchidism in infants is likely caused by a perinatal event, allowing the contralateral descended testis to undergo compensatory hypertrophy. Therefore, a solitary hypertrophic testis could potentially predict monorchidism. Many authors have evaluated this possible association in prepubertal males using various cutoffs in testicular size (table 1) . 6,16e18 Since perinatal torsion affects the left testis twice as often as the right, Belman and Rushton specifically evaluated 22 boys with a left NPT. 6 In their series monorchidism was observed in 95% of patients with a left NPT and a right testis 2 cc or larger.
While physical examination may be informative for parental counseling and estimating the length of surgery, monorchidism cannot be definitively determined by physical examination alone. Therefore, surgery must be performed for all patients with a solitary NPT.
Hormone Therapy
A large meta-analysis by Li et al revealed that luteinizing hormone-releasing hormone treatment results in only 8.6% of NPTs becoming palpable. 19 Other hormonal analogues have not demonstrated long-term efficacy in promoting NPT descent. As such, the AUA and EAU do not recommend endocrine treatment to facilitate testicular descent. 14, 15 There is a possibility that hormonal therapy will improve fertility, especially for boys with bilaterally undescended testes. Currently the EAU recommends treatment with gonadotrophin-releasing hormone analogues for boys with bilaterally undescended testes for this purpose. 15 However, the AUA concluded that while this therapy may be beneficial for further fertility, the long-term effect remains unclear. 14 
SURGERY FOR NONPALPABLE TESTIS
Any procedure should begin with an examination to reevaluate for the presence of a testis using anesthesia so that the patient is relaxed. The examiner may consider using lubricant on the fingertips to aid with the examination. 15 While true for all patients, this is especially important for obese patients. Office examinations are less accurate in this patient population but an examination under anesthesia has similar accuracy for obese and nonobese patients. 13 Surgical Approach There are 3 potential initial surgical approaches to address the NPT, each with its own benefits and limitations. Whether the initial scrotal, inguinal or laparoscopic approach is used, it is imperative to identify the spermatic vessels with an associated testis, nubbin or evidence of a vanished testis in each case so testicular tissue is not missed and left in an ectopic position. Therefore, some argue that the procedure should start with a scrotal approach to identify a testicular nubbin or testis and then proceed to laparoscopy only if indicated. If a testicular nubbin is found in the scrotum, it is excised and sent for pathological confirmation. No herniorrhaphy is indicated in this instance as testicular nubbins indicate a closed external ring. 6, 20 If a viable testis is found, standard orchiopexy with herniorrhaphy is performed. If a patent processus is present without a testis or if there is any uncertainty, the hernial sac is carefully opened after ensuring there is no long looping vas deferens, and laparoscopy is performed through the inguinal canal. 20 In theory this approach could avoid unnecessary, time-consuming and costly laparoscopy in the majority of patients. In their series of 43 boys with NPT Snodgrass et al found that laparoscopy was required in only 30% of cases. 17 This approach remains controversial due to the concern about missing an intra-abdominal testis, which has been described in several case reports. 21, 22 Additionally cost analysis has shown that the initial scrotal or inguinal approach may actually be slightly more expensive than the initial laparoscopic approach. 21 Inguinal Approach. An initial inguinal incision can facilitate any indicated surgery, including laparoscopy, orchiopexy and orchiectomy. Again, laparoscopy can be avoided in more than 30% of boys using the inguinal approach. 4 However, this approach is more invasive for patients who have a testicular nubbin in the scrotum or an intra-abdominal testis. This method is also associated with the same risk of missing an intra-abdominal testis as the scrotal approach without cost savings. 21 Laparoscopic Approach. The traditional initial approach to NPT supported by the AUA guideline is laparoscopic or open exploration.
14 While an open procedure is acceptable if laparoscopy is not possible, the laparoscopic approach is equally efficacious and preferred by many surgeons. 14, 23, 24 If the testis can reach the dependent scrotum without tension after careful dissection, laparoscopic orchiopexy without vessel division is performed. If the testis will not reach the scrotum, 1 or 2-stage Fowler-Stephens orchiopexy with division of the spermatic vessels is typically performed.
Intuitively orchiopexy without vascular division has the highest success rate, at 85% to 100%. 24 However, despite great interest in determining if 2 ¼ 43%), although these results should be interpreted with caution due to the moderate heterogeneity of the 2-stage FSO. 23 In their systematic review Wayne et al concluded that while a 2-stage repair may be minimally but significantly superior, the difference is so small that the choice of a 1 or 2-stage repair should be dependent on surgeon preference. 24 The greatest risks associated with all forms of laparoscopic orchiopexy include relative or complete testicular atrophy and testicular ascent (table 2) . 1, 7, 8, 25, 26 Parents should be cautioned that nearly a quarter of intra-abdominal testes are smaller preoperatively than the contralateral descended testes, so not all size discrepancy may be due to surgery. 8 Other complications inherent in laparoscopic surgery include puncture of the colon with a Veress needle, cecal volvulus, ileus, wound infection and herniation through even the smallest trocar sites, which occur in approximately 5% of cases. 1 Bladder injury during creation of a transperitoneal tunnel for the testis medial to the medial umbilical ligament occurs in up to 3% of cases and may not always cause hematuria or be recognized intraoperatively. 27 Because the patent processus vaginalis is typically not ligated during laparoscopic orchiopexy, an indirect inguinal hernia is also possible, although the overall risk is less than 1%. 28 
Autotransplantation
For high testes FSO may be inadequate to gain length to bring the testes to an orthotopic location. These testes may be amenable to testicular autotransplantation. The initial stage of the procedure is now routinely performed laparoscopically. First, the inferior epigastric vessels are dissected laparoscopically to facilitate the vascular anastomosis later. The testis is also dissected and removed laparoscopically. The microsurgical anastomosis is performed through a subinguinal incision by a pediatric plastic surgeon. The long-term success rate of this procedure is 88%. 29 
SPECIAL SITUATIONS Long Looping Vas Deferens
It is imperative to preserve the vasal blood supply during any orchiopexy, especially if spermatic vessel division is required. Inadvertent injury to an unrecognized long looping vas deferens can lead to testicular atrophy. To avoid such an injury, the surgeon should carefully identify the vasal anatomy in every case. If a long looping vas deferens is present, the surgeon should use only blunt dissection without thermal energy to carefully dissect it away from the gubernaculum and bring it into the abdomen. 30 If there is any difficulty bringing the full extent into the abdomen or other concern, either an inguinal or scrotal incision can be made to aid with dissection.
20,30
Bilateral Nonpalpable Testes Bilateral nonpalpable testes present a rare and difficult problem. Newborns with this finding should be immediately evaluated for congenital adrenal hyperplasia with an electrolyte panel. A karyotype should also be obtained. In conjunction with a pediatric endocrinologist a hormonal evaluation (m€ ullerian inhibiting substance level and other hormonal testing such as human chorionic gonadotropin stimulation and luteinizing hormone, follicle-stimulating hormone, testosterone and androstenedione levels) should be performed to determine if testicular tissue is present before any surgical planning. 14 If hormonal testing indicates the presence of testicular tissues, laparoscopic exploration is performed. If 2 abdominal testes are present, the decision on how to proceed depends on the size and location of each testis. Kaye and Palmer propose the following algorithm. 31 If 1 testis is small or very high, intervention in that testis should be delayed until the patient has recovered from orchiopexy on the larger or lower testis. If no vessel division is required on 1 side, laparoscopic orchiopexy can be performed at the same time as a first stage FSO on the contralateral side. If both testes require FSO, vessel ligation should be performed on only 1 side during the first stage. When the second stage is performed 3 to 6 months later, vessel ligation may be performed on the contralateral side in the same setting. However, if there is any concern about the viability of the first testis after the first stage or any concern arises during any procedure on 1 side, it is prudent to wait at least 3 to 6 months before performing any procedure on the contralateral side.
Orchiectomy
The optimal management of an intra-abdominal testis in a postpubertal male has yet to be determined. Due to the associated histological changes and increased risk of malignancy, the EAU recommends that surgeons offer orchiectomy to postpubertal patients with an undescended testis and a normal contralateral descended testis. 15 The AUA also recommends considering orchiectomy for an intra-abdominal testis with a contralateral normal descended testis in these males.
14 If the contralateral testis is normal, orchiectomy may be performed when the intra-abdominal testis is too high in the retroperitoneum to be amenable to Fowler-Stephens orchiopexy and autotransplantation is not possible, the vas deferens is short or atretic, or the testis appears abnormal.
Testicular Prosthesis
The optimal timing for placement of a testicular prosthesis for patients with monorchidism remains unknown. While prostheses have been reported to improve body image and decrease stress for males with monorchidism, few children undergo placement of a prosthesis. Peycelon et al observed a significantly increased risk of complications if a prosthesis is placed more than 1 year after orchiectomy. 32 Delayed prosthesis placement can also lead to scrotal asymmetry, which may be difficult to correct. Therefore, Kogan recommends early placement of a prosthesis and considering use of a large implant in prepubertal patients to avoid scrotal asymmetry as patients age. 33 
NOVEL MODIFICATIONS AND PROCEDURES
2-Stage Fowler Stephens Orchiopexy with Monopolar Diathermy Vessel Ligation
AbouZeid et al reported the safe use of monopolar diathermy to coagulate the spermatic vessels as proximal as possible instead of performing clip ligation during a first stage FSO. 34 They found no histological differences between 7 patients who underwent this technique and 13 who underwent traditional clip ligation.
Intentional Management of Gubernaculum
Hay studied the anatomy of the collateral circulation that forms after 1-stage FSO. 35 He noted that during the second stage 40% of 100 testes developed prominent vasculature around the vas deferens, whereas 60% developed prominent vasculature from the gubernaculum. No testis developed increased vascularity from both collateral blood supplies. Therefore, Hay recommends preserving the gubernaculum if possible or transecting it during the first stage if it appears short and unlikely to reach the scrotum. This approach would theoretically force the testis to derive its collateral blood supply from the deferential artery. Nonetheless, the author observed atrophy in only 3% of patients in that series, representing 7% of patients in whom the gubernaculum was transected during the second stage.
Complete Laparoscopic Management with Closure of Internal Ring Kojima et al reported their experience of treating all patients with NPT entirely laparoscopically. 36 For patients with a nubbin or testis beyond the internal ring the posterior parietal peritoneum around the inguinal canal is incised and the gonad is brought into the abdomen. Laparoscopic orchiopexy or orchiectomy is then performed as indicated. Any hernia or peritoneal defect is also repaired laparoscopically. The authors noted no instances of atrophy, testicular ascent, or other intraoperative or postoperative complications in 55 patients.
Staged Orchiopexy with Vessel Preservation
Dessanti et al described a novel staged traction technique using an antiadhesion membrane for management of a low intra-abdominal or intracanalicular testis. 12 Through an inguinal approach the first steps of a standard orchiopexy are performed with high ligation of the processus vaginalis and mobilization of the spermatic cord. If the testis cannot then reach the dependent scrotum, a PTFE pericardial membrane (0.1 mm PTFE patch) is wrapped around the spermatic cord and a traction suture is secured between the dependent scrotum and testis. The second stage is performed 9 to 12 months later. Through the same inguinal incision the PTFE membrane is removed without reopening the inguinal canal and the testis is secured in the dependent scrotum. The authors noted that this technique was sufficient in 82.2% of 45 patients, while the remainder required opening of the inguinal canal for further mobilization. No patient experienced testicular atrophy.
Shehata Technique
Shehata et al described a novel laparoscopic staged traction procedure for the high abdominal testis that does not require vessel ligation. 37 During the first stage the gubernaculum is transected and peritoneum incised lateral to the spermatic vessels to mobilize the testis. The testis is then suture fixed to the anterior abdominal wall medial to the contralateral anterosuperior iliac spine. Approximately 12 weeks later the anchoring suture is removed and laparoscopic orchiopexy is performed. Fixation to the abdominal wall is thought to avoid stretch injury to the testis or its vessels while allowing for gentle traction from respiration and pressure from the intestines. The authors observed an overall success rate of 84% in 140 testes, with higher success in younger patients.
Robot-Assisted Laparoscopic Orchiopexy
Robot-assisted laparoscopic orchiopexy has been described. It is feasible, with results comparable to conventional laparoscopic orchiopexy. 38 However, unlike other robotic procedures, there are no clear advantages over conventional laparoscopy in this setting. Due to increased emphases on cost savings and improved resource utilization in health care, robotic surgery is unlikely to have a role in laparoscopic orchiopexy.
Other Advances
Transumbilical multiport laparoscopic orchiopexy, where all 3 trocars are placed around the umbilicus, and single site laparoscopic orchiopexy have been described in small series. 39 Although these procedures involve a learning curve and require special instruments, they appear to have equivalent outcomes to traditional laparoscopic orchiopexy with improved cosmesis.
ONGOING ISSUES
For patients with confirmed monorchidism there remains a great deal of debate over whether the scrotal remnant requires removal. There is also controversy regarding whether contralateral orchiopexy is indicated to prevent torsion of a solitary testis.
Management of Nonviable Testis
Current management of the nonviable testis depends on its location and surgeon preference. Any intra-abdominal testicular remnant should always be excised due to the high incidence of residual germ cells and, therefore, the risk of malignant transformation that may be unrecognized in an intraperitoneal testis (table 2) . However, when an atretic vas and vessels are seen terminating at or entering a closed internal ring, suggesting the presence of an extra-abdominal testicular nubbin, the decision regarding whether to observe or explore the scrotum or inguinal canal to excise the testicular nubbin remains controversial. 2 Studies vary regarding the presence and incidence of germ cells within the testicular nubbins (table 2) . Residual germ cells theoretically have the potential for malignant transformation. There is 1 report in the literature of ITGCN in a testicular nubbin in the scrotum, although there was no immunohistological confirmation. 40 To date, there have been no additional reports of ITGCN or any reports of germ cell neoplasia in an extra-abdominal testicular nubbin. The findings do not vary with patient age, indicating that any residual germ cells will persist through time. 41 Those who advocate removal of the extraabdominal testicular nubbin believe that any risk of tumor is unacceptable when it could easily be removed. In contrast, those who believe removal is unnecessary think this risk is negligible. A survey of 121 members of pediatric urological societies revealed that only 12% explore for the testicular nubbin. 42 
Management of Contralateral Testis
In the setting of a solitary testis many surgeons advocate performing contralateral testicular fixation to prevent a catastrophic event of torsion of the solitary testis. However, the true incidence of torsion in this situation is not well reported. Martin and Rushton performed contralateral scrotal exploration in 50 patients with a testicular nubbin to evaluate for possible risk of future torsion. 43 They found that only 1 patient had a partial bell clapper anomaly in the contralateral descended testis, whereas 21 of 27 patients who presented with acute testicular torsion later in life had a bell clapper anomaly of the contralateral testis.
Currently the management of the contralateral testis is left to the discretion of the surgeon. Of 121 surgeons in pediatric urological societies surveyed only 28% reported they perform fixation of the contralateral testis when monorchidism is surgically diagnosed (table 3) . 
CONCLUSIONS
Laparoscopy is often the first choice of surgeons for intra-abdominal exploration of the NPT. An argument can be made for starting with a scrotal incision to explore for a scrotal nubbin or hernial sac, proceeding to laparoscopy only if the nubbin is not identified, although this approach remains controversial. The high intra-abdominal testis continues to be an underappreciated challenge. Despite advances in techniques, operative outcomes remain mediocre. Many issues remain contested and unclear. Is there a better technique for management of the high testis? Is orchiopexy of the contralateral descended testis indicated in the setting of monorchidism? With the exceedingly rare incidence of ITGCN do all testicular nubbins need to be excised? While there are many single center reviews addressing these questions, the incidence of the NPT is relatively low. Therefore, collaborative efforts are needed to yield comprehensive, meaningful answers.
